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Introduction
The library profession has long expressed a commitment to facilitating access to information resources and services for individuals of all abilities. Over a century before the United States Department of Justice passed the the 1990 Americans with Disabilities Act (ADA), public libraries were offering blind users access to embossed books. A recognition of the vital role that libraries play in society, and their dedication to inclusivity and social justice, placed them at the center of governmental efforts to produce and distribute materials to users with print impairments (a term now used to encompass a variety of conditions, either mental or physical, that contribute to an individual's difficulty to utilize the printed word). As the twentieth century progressed, societal and legal recognition of the diversity of individuals with impairments continued to gain footing, with libraries often at the forefront. Technological developments, too, changed the landscape and dialogue around accessibility. The Library of Congress' chronology of developments in the National Library Service for the Blind and Handicapped shows how technology opened up the printed word to the print impaired, from the invention of Standard English Braille and the earliest talking books in 1933 to the appearance of the searchable International Union Catalog on the internet in 1994 (LOC).
The ADA pushed an awareness of accessibility issues across the public and private sectors. The guidelines focus primarily on physical barriers, since the internet was virtually unknown to the public at the time of its creation. The primary means of regulating internet and electronic technologies, which are the focus of this paper, falls under a 1998 amendment to the Rehabilitation Act of 1973, Section 508, which required Federal agencies to make their technologies accessible to people with disabilities. This was recently updated by the United States Access Board in response to changing technologies in a revision that combines the 508 Standards with guidelines from Section 255 of the Rehabilitation Act. Among other goals, the "refresh," which went into effect in January 2018, aims to make the guidelines more sustainable through technological innovations; to make the law's requirements easier to follow; and to incorporate current Web Content Accessibility Guidelines (WCAG) for websites and other electronic software and documents (access-board.gov).
Despite these regulations and guidelines having been in place for a decade or more, the fact remains that many online resources, library and otherwise, remain insufficiently or entirely inaccessible for some users with permanent or temporary disabilities. Litigation over accessibility has become a regular occurrence for institutions of higher education (Wang, 2017; Carlson, 2018) . University libraries are often singled out as serious offenders because of their substantial digital footprint and their centrality in the educational process. Even as technology has enabled wider access to materials for users with print and other impairments, it continues to present barriers. These barriers aren't even necessary; accessibility failures do not come from anything inherent in digital technology, but from choices that are made during development and implementation (Wentz et al., 2011) . The problem is rooted in the fact that accessibility has tended to be reactive rather than proactive; it is retroactively applied, not built into the design process, because that design process usually fails to involve diverse constituents.
The goal of this paper is to review the library and information science (LIS) literature related to the accessibility of digital resources by individuals with mental, physical or other impairments, and to critically examine both the practical and scholarly engagement with current discussions of disability theory. This review draws on over 95 peer-reviewed articles written since 2010, as well as some earlier foundational scholarship and scholarly literature and supplementary resources from outside the LIS field. These articles were selected from the results of extensive searches of multiple databases, primarily Library and Information Science Abstracts and Library Literature and Information Science Full Text, as well as the more broadly multidisciplinary databases ERIC, ScienceDirect, and Academic Search Premier, in order to catch relevant literature that may not have been indexed in the more discipline-specific databases. I also consulted the open access, peer-reviewed Code4Lib Journal, Weave: Journal of Library User Experience, and In the Library with the Lead Pipe. The ASIS&T Digital Library and the Association for Computing Machinery Digital Library offered approaches less focused on libraries in particular, which helped situate the library literature within the broader context of technical and sociocultural accessibility awareness. The articles ultimately selected for inclusion here are generally recent English-language publications offering substantive descriptions of how institutions, primarily but not exclusively academic libraries, evaluated and improved accessibility of their own resources, as well as articles about accessibility principles and practices more generally. This review is intended to be illustrative, not exhaustive, as a means of offering perspectives from recent work that can assist librarians in planning and decision making as they deal with an increasingly complex landscape of digital resources. Publications utilizing outdated standards or technologies have been generally excluded unless they represent important historical trends or offer unique insights broadly applicable to current practitioners. Less attention is given to studies of specific tools that will become quickly outdated; more is given to underlying considerations and approaches that will remain relevant even as technologies change.
Definitions Disability and Diverse Ability
Language surrounding disability ranges greatly and evolves frequently, complicated by the highly variable manifestations of mental and physical impairments and abilities, and by changing understandings of how individuals' abilities are differently contextualized and perceived by culture and society. The legal definition of a "disabled" person under the ADA is someone who "has a physical or mental impairment that substantially limits one or more major life activities. This includes people who have a record of such an impairment, even if they do not currently have a disability. It also includes individuals who do not have a disability but are regarded as having a disability" (adata.org). Later amendments to the ADA (2010 and 2016) broadened the definition of disability and made it less restrictive. Individuals may consider themselves or others to be disabled if they exhibit, for example, low or no vision; color blindness; hearing or physical impairment; cognitive or learning difference, including autism, attention deficit hyperactivity disorder, dyslexia or other print or language processing conditions; or sensory differences. Psychological conditions such as anxiety or mood disorders have more recently become accepted as falling under the category of disability.
The World Health Organization (WHO), drawing on the International Classification of Functioning, Disability, and Health (ICF), uses disability as "an umbrella term, covering impairments, activity limitations, and participation restrictions." The WHO estimates that roughly 15% of the global population, or one billion people, could be considered as disabled under this definition. The organization emphasizes that disability is "not just a health problem, but is a complex phenomenon, reflecting the interaction between features of a person's body and features of the society in which he or she lives. Overcoming the difficulties faced by people with disabilities requires interventions to remove environmental and social barriers " (World Health Organization 2018) . This acknowledges the complexity of context and perspective, and reflects a recognition of the "problem" of "disability" as laying with the individual's sociocultural and physical environment, not stemming from the features of individuals themselves.
The language of disability chosen by LIS researchers is often driven by tradition, but it is increasingly sensitive to context and experience, or rooted in a specific theoretical underpinning. Acknowledging the lack of consensus between and within individuals and communities regarding language, Clossen and Proces (2017) consciously use the identity-first "disabled people" instead of the person-first "people with disabilities"; Cassner et al. (2011) and Copeland (2011) use the term "differently able." Pionke prefers "functionally diverse" (2017a, 2017b), which emphasizes ability and agency as well as the diversity of lived experience. Rosen (2017) points out that disability is "always an intersectional identity" that also maps closely to diversity. For the purposes of this paper, I recognize "disability" as context sensitive and representative of a gradient; the word is not intended to position ability and disability as dichotomous concepts.
There are two widely recognized theoretical models of disability. The first is the medical model, of which the ADA's definition is an example, which essentially views the person with an impairment as broken. Andreas Kleynhans and Fourie (2014) emphasize that the flaw of the medical model is that it conflates individual impairment with disability and "views disability in terms of disease process, abnormality and personal tragedy." Lewthwaite (2014) adds that standards in the mold of the medical model do not address the complexity and diversity of disabilities across different contexts, and she encourages us to look beyond Western norms and definitions of "disability." The social model separates impairment from disability. Impairment is seen as a fact or a condition; disability is the restriction of activity based on a social context that overlooks the existence of people with impairments. The conditions, then, are what is disabling, not the impairment itself; disability becomes a social construct (Schmetzke 2002) . In the social model, individuals with disabilities, being experts on their individual experience, are empowered to decide for themselves what services they need. Pionke (2017b) also notes the rehabilitation model, which aims to "normalize" functionally diverse individuals by helping them "overcome" a disability. The problem here, besides putting the power in the hands of professionals who determine the needs of the individual, is that it necessitates a view of functional diversity as removed from a supposed baseline normality, which, when one considers the limitless range of human features, abilities, conditions, and contexts, begins to seem entirely arbitrary.
Accessibility
In short, an accessible resource is one that does not present barriers to access. In the built environment, this could mean ramps instead of stairs, or tactile and audible warning devices at street intersections. In the digital realm, usability and technical accessibility are generally recognized as inseparable components of accessibility (Oud, 2011; Conway et al., 2012; Southwell and Slater, 2012; Andreas Kleynhans and Fourie, 2014; Yesilada et al., 2015) . Inclusion is close to the heart of librarianship; everyone agrees that accessibility is desirable and good; we have decades of legal and technical guidance to follow. In theory, the web removes barriers to communication and understanding that individuals might face in the physical world. In reality, many websites and tools simply present different types of barriers, rendering their content inaccessible to many potential users. We should be at an advantage in the online world: digital information consists of zeroes and ones, and "there is nothing inherently visual or auditory about zeros and ones" (Wentz et al., 2011) . It should be easy, then, to create an online environment that is not disabling for users with vision or hearing impairments. Other disabilities typically garner less consideration, perhaps because the "solution" often lies not with technology but through a more complex process of recognition and respect for the vast and context-specific range of functional difference.
The problem is, at least in part, deeply rooted in the problematic constructions of disability presented above. Legislation and litigation make it easy to see accessibility as a legal issue. WCAG guidelines and the compliance checklists that reference them make it easy to view accessibility as a technical puzzle, one that can be "solved" by changing underlying code. But true accessibility means true inclusivity, which requires us to shift our attitudes, question dominant perspectives, and think about accessibility instead as a matter of social justice, much as we think about diversity (Jaeger 2015; Jaeger et al., 2015; Kumbier and Starkey, 2016; Yoon et al., 2016; Rosen, 2017) . Diversity isn't just something to "celebrate"; it must be actively fostered (Brimhall-Vargas 2015) , and it means including all groups that are "underrepresented, disadvantaged, or underserved in terms of information" . Likewise, digital inclusion--which combines technology skills with information and media literacy--is imperative in a just society in the twenty-first century. Communities with unequal access to digital information have decreased digital literacy and therefore are disadvantaged, underrepresented, and underserved (Jaeger et al., 2012) . The digital divide, created when entire classes of people are excluded from accessing digital content, is self-perpetuating if unchecked. Even though libraries mean well and believe that "providing access" to materials is a democratizing force, differential access, Cancro warns us (2016) , may serve to reinforce or actively exacerbate existing inequalities.
Rosen (2017) sees the word "accessibility" as similar to "diversity" in that people agree on its value, but not its meaning. This ambiguity, tied to the legal, technical, philosophical, and political discourses that surround (or should surround) it, gives it "radical potential" as a tool for justice. Rosen has come to a working definition of accessibility as "a design philosophy that centers the needs and experiences of people with disabilities." She sees it as applicable to every aspect of librarianship, "from collections to services to hiring." Certainly this speaks closely to usercentered design (UCD), a framework that is finally beginning to permeate the culture of physical, digital, and service design in libraries. The difference here is that rather than working for a onesize-fits-all approach based on the needs of some "representative users," it is the needs and experience of people with disabilities that are put front and center. Putting those needs first is not exclusionary, and it benefits overall design. Accessibility, like diversity and inclusion, must be part of an active agenda in order to be truly meaningful.
Evaluating Accessibility
The legal-technical perspective on accessibility is self-reinforcing through legal agreements that require that an institution become "compliant" with accessibility standards. This is problematic if we are concerned with meaningful accessibility, for reasons I will address shortly, but from a pragmatic standpoint, the standards provide a useful place to start. Most librarians with even a passing familiarity with web accessibility will have heard of WCAG 2.0, a set of guidelines created by the World Wide Web Consortium's (W3C) Web Accessibility Initiative. WCAG 2.0 is intended to serve as a technology-neutral, internationally recognized standard for web content accessibility. After a long development process (WCAG 1.0 was established in 1999), 2.0 was formalized in 2008, with the goal of helping organizations and developers create barrier-free web content and tools. It provides information and instruction about ways to make content accessible through 12 guidelines, organized under four principles: perceivable, operable, understandable, and robust. Each guideline has three levels (A, AA, AAA) of success criteria (w3.org).
The WCAG 2.0 standard itself has been subject to a number of criticisms. Joe Clark, who was initially part of the WCAG revision team before being ejected from the process, criticized the W3C for being too opaque and overly reflective of multinational corporate interests (2006) . He complained that the process itself was largely inaccessible to users with many types of impairments, and to those who do not speak English or have the time or financial resources to attend international meetings. He pointed out that the W3C document purporting to explain WCAG 2.0 is twice as long as the specification itself, indicative of the convoluted process through which the standard was developed and implemented. Kreps and Goff (2015) see it as already irrelevant, doomed by the process of its creation, although they also view it as something of a technical success, either in addition to or in spite of being a political failure. Yesilada et al. (2015) conducted over 300 interviews with people interested in accessibility and found that while there was little consensus on what web accessibility means, there was significant agreement that guidelines alone do not suffice. Despite these criticisms, and the fact that it is now ten years old, WCAG 2.0 remains the "gold standard" by which accessibility is usually measured.
When Heather Hill conducted a content analysis of accessibility-related LIS literature from 2000-2010, she found that most articles presented descriptive work recommending solutions to particular issues (2011, reiterated in 2013) . She observed a "paucity of information behavior and other qualitative approaches" in favor of "easy-to-perform accessibility testing" (2013). This is a reference to the prevalence of automated tools that can be used to check source code versus a set of standards. A common narrative goes something like this:
• A library-or university-wide push for accessibility is initiated by a lawsuit;
• An academic library is tasked with meeting a particular standard for the library website, usually WCAG 2.0 AA; • The library staff embarked on an evaluation of the using automated testing, sometimes supplemented with manual checks on a subset of pages; • The site was found to have multiple accessibility problems, often failing to meet even the most basic criteria; • A remediation plan was developed and executed by altering source code to boost the compliance percentage; • Many issues were impossible to remedy due to reliance on external vendors.
By-the-numbers case studies have remained prominent in the literature in recent years, even while most in the field acknowledge that this approach does little to meaningfully reveal or solve accessibility challenges. These types of study are not without value--at the very least, they demonstrate a much-needed engagement with the topic of accessibility--but the problem with focusing on numbers alone is that they are difficult to interpret and may in fact be deceiving (Conway, 2011; Oud, 2011; Comeaux and Schmetzke, 2013) . A site might fail a compliance check due to a single error that occurs multiple times on each page. For example, if the hyperlink color failed to contrast sufficiently with the background, it would get "flagged" multiple times on each page, but it might still be reasonably usable, and could easily become more so with a single change to the template. On the other hand, a site that ticks all the boxes might not actually be usable, perhaps especially with complicated interfaces such as library discovery platforms.
Playing to the numbers is accessibility by brute force, and while it might adhere to the letter of the law, it does not follow the spirit. If usability is a component of accessibility, evaluations of accessibility must include user testing and must involve of individuals with diverse abilities. The fact that the numbers are do not reflect true accessibility has been confirmed by Yoon, Hulscher and Dols (2016) (detailed further in Yoon et al., 2016) , who conducted a side-by-side comparison of an automated checking tool with six visually impaired testers and found little correlation between what the tool and the users deemed actual problems. Mixed method studies are becoming more common, where researchers supplement automated accessibility testing with manual evaluation against checklists to catch additional usability issues (Conway, 2011; Conway et al., 2012; Oud, 2012; Billingham, 2014; Maatta Smith, 2014; Glusker, 2015) . Several articles report additional testing with assistive technology, but this was done almost exclusively by users who do not identify as disabled. One could argue that this approach runs the risk of engaging with "token accessibility over true accessibility" (Hill, 2013) . Copeland (2011) noted that "pervasive reliance on one dimensional studies that singly investigate library accessibility/inaccessibility from the perspectives of architects, typically-able library professionals, typically-able library patrons, or even from the perspectives of differentlyable library patrons themselves, significantly handicap the studies' impact." Fortunately, recent scholarship has begun to engage more with this deficiency. Several researchers conducted in-depth interviews with library users with disabilities regarding the general level and accessibility of library services (most notably Copeland, 2011; Willis, 2012; Pionke, 2017b) . This seems a particular strength of the international literature, with holistic, user-centered assessments of accessibility being conducted in Pakistan (Awais and Ameen, 2015; Khan et al., 2015) , Malaysia (Bodaghi and Zainab, 2017) , Sweden (Reitersjö, 2015) , Malawi (Chaputula and Mapulanga, 2016) , South Africa (Phukubje and Ngoepe, 2017) , and Nigeria (Ekwelem, 2013; Zaid and Zaid, 2017) . This type of qualitative engagement provides a valuable focus on the lived experience of these individuals, offering a more comprehensive view of the accessibility landscape than quantitative studies can. Even researchers primarily focused on digital access can benefit from having a more broad view of the accessibility challenges faced by users in our libraries.
Of those who did conduct accessibility/usability testing with individuals with disabilities, most worked with users with low or no vision (Dermody and Majekodunmi, 2011; Conway et al., 2012; Hunsucker, 2012; Ekwelem, 2013; Babu and Xie, 2015; Lazar and Briggs, 2015; Yoon et al., 2016; Sorrell et al., 2017) . Only Pionke (2017b) went to significant lengths to include perspectives beyond print impairment, including individuals with autism, motor impairment, and post traumatic stress disorder in his research. None of the reviewed literature dealt extensively with other disabilities or disorders; dyslexia in particular is underrepresented, considering how frequently the condition is encountered and recognized in educational settings.
While there remains a heavy focus on library websites in the accessibility literature, other types of online resources have come into question as well, including research databases (Blechner, 2015) ; online exhibits and collections of digitized and born-digital materials (Walker and Keenan, 2015; Xie and Babu, 2015; Sorrell et al., 2017; Babu and Xie, 2017) ; instructional objects (Oud, 2011; Wakimoto and Soules, 2011; Wray, 2013; Clossen, 2014; Clossen and Proces, 2017) ; archival finding aids Slater, 2012 and ; e-books and ereaders (Maatta and Bonnici, 2014; Mune and Agee, 2016; Dobson and McNaught, 2017; Kahler 2017; McNaught et al., 2017) ; digital talking books (Lundh and Johnson, 2015) ; live instruction sessions (Pionke, 2017a) , and the widely-used Springshare platform LibGuides (Pionke and Manson, 2018) . While many these studies are good starting points and will serve as useful references for library practitioners concerned with approaching specific technologies from an accessibility perspective, it is impossible in some cases not to notice a persistent lack of direct engagement with users with diverse abilities. Several authors explicitly address this weakness within their own work, so one hopes that future research will actively strive to address this imbalance.
Achieving Accessibility
Even as many studies fall short of measuring meaningful accessibility, there are clear implications of how to move forward, both with the research and with our efforts to increase accessibility. The landscape of disability thought in the LIS community is clearly evolving, and every effort to boost awareness and improve accessibility counts. There are some useful, library-specific primers on proactively creating accessible content, both for developers and content creators, that will remain relevant for some time despite technological innovations (Baker, 2014; Riley-Huff, 2015; Ng, 2017; Ng and Schofield, 2017) . Lee, Nam and Nam (2013) and Beyene (2017 Beyene ( , 2018 consider how catalogers could use accessibility-specific metadata to aid users in discovering and identifying accessible resources. Xie and Babu (2015) and Babu and Xie (2017) provide concrete ideas about how to enhance metadata for digitized and borndigital objects to enhance their accessibility. Dobson and McNaught (2017) and McNaught et al. (2017) offer a promising model for crowdsourcing accessibility data about academic e-book platforms, leading to a tool that could help libraries decide which providers to work with; help students decide which platform might be best for their particular situation and context; and help suppliers support accessibility features in their platforms. Investigating information seeking behavior among individuals with functional differences is a promising avenue for gaining a deeper understanding of how to design complex interfaces that are actually usable for everyone (Hunsucker, 2012) . Pionke and Manson (2018) created a series of LibGuides that teach readers about disability studies as well as serving as an excellent resource for incorporating concepts of universal design and Springshare's built-in capabilities to make accessible LibGuides.
Another interesting area of focus has been the incorporation of accessibility into collection development policies as a means of using our purchasing power to pressure vendors into prioritizing accessibility (Dermody and Majekodunmi, 2011; Schmetzke, 2015; Ostergaard, 2015; DeLancey and Ostergaard, 2016) . Asking vendors to disclose their accessibility policies during the procurement process has become routine at some institutions, often by means of requesting a VPAT (Voluntary Product Accessibility Template), a government-created aid to help people buy institutions purchase products that meet Section 508 standards (Wakimoto and Soules, 2011; Billingham, 2014; Blechner, 2015; DeLancey, 2015; Falloon, 2015; Ostergaard, 2015; Riley-Huff, 2015; Delancey and Ostergaard, 2015; Mune and Agee, 2016; Ng, 2017) . This has the potential to influence vendors to prioritize accessibility. Unfortunately, a recent examination of VPATs concluded that vendor-supplied accessibility documentation needs to be verified and should not be taken as fact (DeLancey, 2015) . Of course, much like WCAG 2.0, the VPAT is standardized, so by its very nature it focuses on meeting minimum technical requirements; it says little about true usability (Wakimoto and Soules, 2011 ). DeLancey's suggestion: "What is needed is an open repository for both vendor-supplied documentation, and the results of any usability testing. This would give libraries and vendors alike the tools and information needed to make meaningful choices and changes" (2015). If we are complacent with vendors and buy into products that are not universally usable, we are perpetuating the problem, putting our institutions at risk (Farkas, 2015) and, more importantly, adding barriers to access.
Despite the increasing attention to usability of online resources, barriers to accessibility remain widespread. Why is this? Cost is often mentioned as an obstacle, as well as time and lack of understanding (Conway, 2011; Ekwelem, 2013; Hunsucker, 2013; Billingham, 2014) . Jaeger et al. (2012) point to two unfortunate findings from earlier literature: policy prioritizes technology over social factors; and librarians are notably absent from higher level policy-making decisions. Many libraries depend on externally controlled decision making, either by vendors or administrators who are aware of and genuinely concerned about the issue (Small, Myhill, and Herring-Harrington 2015) . Wentz et al. (2011) also fault the fact that federal law allows exemptions from conforming to standards for "undue burden." The burden of proof in complaints lies with the individual requesting "special services." They cite Maskery (2007) for reasons commonly given for claiming undue burden, including increased costs and development time, "low-tech" and "uncool" products, difficulties in providing ongoing support, and aesthetic sacrifice, among others. Organizations will always be able to claim undue burden if accessibility is "retrofitted," but if we instead "incentivize a philosophy that emphasizes born-accessible technologies," undue burden become more challenging to claim (Wentz et al., 2011) . Their other criticism of disability law is that "as long as creating parallel versions or applying after-the-fact fixes is acceptable...it allows, even endorses, a separate but equal approach to accessibility."
Rather than focus on remediation, what if these barriers were never erected in the first place? Born-accessible technologies and environments are the logical outcome of a user centered, universal design process that places accessibility at the core. Integrating the lived experience of functionally diverse users in the design process offers a more "sustainable and culturally relevant way forward than automated 'accessibility checker' tools that adhere to strict WCAG standards, out of context" (Lewthwaite, 2014) . "By centering the needs and experiences of people with disabilities, accessibility is accountable to the embodied knowledge of real people even as their/our needs change, rather than wed to often outdated standards" (Rosen, 2017) .
To build a truly inclusive library, which encompasses physical and virtual accessibility to resources and services (Small et al., 2015) , it is imperative that we offer accessibility and disability awareness for librarians (Falloon, 2015; Small et al., 2015 ) and library staff (Brannen, et al., 2017) , as well as incorporating it into LIS education (Mulliken and Djenno, 2017) . We need to start thinking of the big picture, moving from individual education into organizational strategy, to add a "lens of accessibility" and make accessibility part of our working culture (Rosen, 2017) . Research about online resources should turn away from strict standards-based numerical assessment and remediation and into true, meaningful accessibility studies that do more than simply pay lip service to the importance of involving functionally diverse individuals. We need to question the "facts" of accessibility data and examine the experiences that lie behind it.
Recent LIS scholarship shows an increasing readiness to think and work within the social model of disability, and to utilize that framework to make progress in providing access to library resources. Clossen (2014) demonstrates how developing video tutorials through a user centered design process makes them accessible by design. Pionke (2017c) provides is a great example of truly bringing the voices of the functionally diverse into our decision-making (and into the literature). Projects like these, which actively involve diverse individuals and critically engage with theories of disability and diversity, move us toward more inclusive concepts of accessibility, which we understand now cannot be addressed through purely technical means. It is only through engaging deeply with these perspectives and actively involving people with functional differences in every stage of the design process that we can achieve meaningful accessibility and create the conditions in which all library users can succeed.
